It is found that the electric dipole polarizabilities of neutral atoms correlate very strongly with their first ionization potential within the groups of elements with the same angular momenta of the outermost electrons. As the latter values are known very accurately, this allows a very good (< 30%) prediction of various atomic polarizabilities.
I. INTRODUCTION
The electric dipole polarizabilitydescribes the response in lowest order of the field strength of the electron cloud to an electric field. This property plays an important role in a large number of physical quantities and processes. The review of Miller and Bederson! describes in great detail the methods of calculation as weIl as the experimental measurements ofthe electric dipole polarizability a. In the Appendix they list the recommended values for this quantity for all atoms throughout the periodic system. This Appendix shows only 32 values with an estimated accuracy of 8% or better, whereas the remaining ones are listed with an estimated accuracy of only 50%. This still presents a great challenge to experimentalists as weIl as theoreticians.
Just recently, a paper by Kolb et al? was published in which electric and magnetic susceptibilities and shielding factors for closed-shell atoms and ions of high nuclear charges are calculated with the relativistic random phase approximation (RRPA) method. This method, as weIl as those described in the article by Miller and Bederson, 1 are very laborious, and the comparison with experimental values-in themselves very hard to measure-is still not very satisfactory.
As the electric dipole polarizability is a measure for the response of an atomic system to an external electric field, and the first ionization potential measures the extraction energy of the outermost electron of the atom, we tried to correlate both quantities. In Fig. 1 we present the first ionization potential of an atoms vs the electric dipole polarizability in a double-Iogarithmic scale. The values (taken from Ref. 1) with an estimated accuracy of 8% or better are presented as crosses, and an the others just as points. A general trend appears showing at least the existence of some correlation of these two quantities. Only a very small number ofpoints are relatively far off.
Of course, both quantities cannot be expected to correlate strongly in such a general way for an elements, because the structure ofthe valence electrons of each element is very different. But it is weIl known from the periodic system that the elements are structured in chemical groups ofvery analogous behavior with an analog structure of the outer eleetrons. And as both quantities, the ionization potential as weIl as the electric polarizability, also depend very much on the specific structure of the outer electrons, it is reasonable to assurne that they correlate somehow. To verify whether this supposition could help to predict better values for the polar- • X X"-. : ',':X~.
. . 
POLARIZABILITIES FORTHEP ELEMENTS
Figures 2 and 3 present the elements of the 2p to the 6p series, The elements with no brackets are those known with an estimated accuracy of2% or better (according to Ref. 1). In Fig. 2 we connect all elements of the same chemical groups (which have the same symbol) with each other. It is remarkable here that the elements of the same chemical groups are aligned on almost perfectly straight lines. Only at the 3p elements a very small angle appears in these lines. The reason is probably that the 4p and 5p elements have underlying 3d,4d electron shells, with a resulting different behavior of the 4p to 6p elements in comparison to the 2p and 3p elements. The connecting lines run surprisingly parallel, both for the first (2pto 3p elements) as weIl as the second part (3p to 6p elements). This straight line behavior allows a prediction ofthe polarizabilities ofthose elements known up to 50% accuracy only. The values for the 5p elements Rn, I, Te, Sb, Sn, and In are deduced from an extrapolation ofthe lines in Fig. 2 by just using their weIl known first ionization potential.
This prediction can be cross checked: The same elements are presented in Fig. 3 . This time, however, they are connected within the same main quantum number. Here again the first and last three of these elements within each p group are connected by straight lines. The break between the third and fourth element is due to the change of the trend of the ionization potential because ofthe Hunds rule. This can be seen for the 2p, 3p, and 4p elements. c: õ
If we use the values for the 5p elements-predicted by the extrapolation in Fig. 2 -we obtain again two straight lines for Xe, I, Te, and Sb, Sn, In. The break between Te and Sb is consistent with that in the 2p to 4p elements. This general trend shows the consistency of the extrapolation, and allows to say that the extrapolated values ofthe polarizability for the 5p elements are reasonably reliable. In Table I we are, therefore, listing the new values, and allow for an estimated error ofless than 20%.
The continuation to the 6p elements is more complicated: First the ionization potential of At is not known, and secondly the break in the trend of the ionization potential arises between the second (Pb) and third element (Bi) of the 6p series. This behavior of the ionization potential is weIl known, and can be explained by the breakdown of LS coupling, and the onset of the relativistic j-j coupled 6Pl/2 and 6P3/2 electron shells. If we extrapolate the values for the polarizability for the 6p elements, according to the scheme in Fig. 2 , the value for the element Bi is relatively far off. It is not possible to draw a straight line according to the scheme in Fig. 3 for this element Bi. This behavior is probably due to the relativistic inftuence on the outer shell of Bi. At Pb the 6Pl/2 shell is complete with two electrons, and at Bi one electron is built into the 6P3/2 shell. Thus Bi behaves more like an element with one electron in the outer shell. This argument of relativistic inftuences being strong applies to all the 6p elements. Therefore, a straightforward extrapolation according to the scheme in Fig. 2 , and consistent with the scheme of Fig. 3 , is not possible for Bi. All the other 6p elements are somewhere around 50 a.u.' for the polarizability. Nevertheless, this is probably more realistic than the values between 25 and 35 a.u." given in Ref. 1.
POLARIZABILITIES FOR THE d ELEMENTS
Figures 4-6 show the correlation between the first ionization potential and the polarizability for the 3d, 4d, and 5d elements, respectively. In Fig. 6 (Fig. 4) only the element Cr is relatively far off.As this is the only such occurrence for all the 3d, 4d, and 5d elements this value is probably a wrong one, although one would expect a little bit more structure because the ground states of the d elements have outer va- lence shells containing two, one, or zero s electrons. Within the 4/ elements only Lu is off the line. As this element has a full4j14 shell, and contains a single 5d electron as weIl, it is very similar to La. The ionization potential is very similar to La, too. Therefore, it is consistent to change the value of a for this element to the much larger value given in Table I . Figure 7 shows the values for the groups Ia and IIa, as weIl as Ib and IIb elements. Again the elements align along nearly perfect straight lines which also run very parallel. The Ib elements Cu and Ag also lie on the same line as the Ia elements. Only Au is relatively far off. The IIb elements Zn, Cd, and Hg also follow more or less the straight line of the group IIa elements.
IV. POLARIZABILITIES FOR THE s ELEMENTS
The values for a used in Fig. 7 are taken from Ref. 1 where all Ia and IIa elements have <8%, and the Ib and IIb elements 50% estimated accuracy. Table I presents the extrapolated values for these elements. For the heavy elements Hg and Au we estimate a larger uncertainty than for the lighter ones, because it is not quite clear how relativity influences the values of a for the heavier elements.
V.SUMMARY
Figures 2-7 show the existence of a very strong correlation between the first ionization potential and the electric We believe the error estimate of 50% of Miller and Bederson 1 to be generally too large as most values form a very straight line. Of course, a11 the extrapolated values will change when the fix points change, but we still think that the error estimate of 20%-30% for most of the higher Z elements is sufficient to take this into account.
Naturally, this discussion is nothing else but an empirical extrapolation where the weIlknown values for the ionization potentials are used via the straight line correlation to obtain better values for the electric dipole polarizability. It will be interesting to see whether further experimental and theoretical determinations justify this procedure.
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